An enzyme-linked immunoassay for pregnancy-associated plasma protein A is described.
Materials and methods
phosphate buffered saline containing 10 mrnol/l citrate (PBS/citrate) to give a range of standards from 0 to 20 AU/I. 7 Microtitre plates, Nunc Grade I certified; Gibco Europe Ltd, Paisley, Scotland. 8 Anti PAPP-A-peroxidase was prepared by a two-step glutaraldehyde conjugation method."
The conjugate was separated from free peroxidase by passage through a Sephacryl S200 column. Fractions containing the conjugate were pooled, aliquoted and stored at -20°C. For use a I ml aliquot was diluted in 14·5 PBS, 5 ml chicken serum, and 0·2 ml molar sodium citrate to give a 1/20 dilution. 9 Chromogen, o-phenylene diamine (OPD); Sigma, A nominal value of 1000 arbitrary units/litre (AU/1) was assigned to this pool until calibration against a reference preparation was possible.
Dilutions of the standard pool were made in 236 ASSAY PROCEDURE One hundred microlitres antihuman PAPP-A previously diluted 1/1200 in carbonate/bicarbonate buffer, pH 9·6, was pipetted into each well of a microtitre plate excluding the outer rows because of previously reported edge effects." The plates were left overnight at +4°C. No special method of enhancing the coating was used. Before use the plate was emptied by inversion, washed three times with phosphate buffered saline (PBS), and dried.
One hundred microlitres of standard materials diluted as above or 100 fl.l of test serum' diluted 1/100 in PBS/citrate were added in duplicate to the wells at timed intervals. Incubation at room temperature was allowed to proceed for 120 minutes, after which the serum was aspirated and the plate was washed three times with PBS and dried.
One hundred microlitres diluted antibody: enzyme conjugate was then added to each wen and incubated for a further 120 minutes at room temperature. The wens were again aspirated, washed, and dried before addition of 100 !Jol chromogen to each well. After 45 minutes of colour development in the dark the reaction was stopped by addition of 100 !Jol4 M sulphuric acid.
The developed colours were read on either an Abbott ABA 100 bichromatic analyser (Abbott Laboratories Ltd, Basingstoke, Rants) or a Titertek Multiskan plate reader photometer (Flow Laboratories).
Readings from these instruments were converted to absorbance values for a 1 em path length (A!cm); calibration curves of A\cm against concentration were plotted on semilogarithmic graph paper.
FACTORS AFFECTING THE ASSAY SYSTEM
1 Time course of antibody-antigen reaction. 100 !Jol samples of standard material containing 1, 2 or 20 AU/1 were pipetted in duplicate into wells coated with antiserum as in the routine assay protocol. Preliminary investigation had shown that incubation times of less than 80 minutes did not give adequate sensitivity. In an attempt to increase sensitivity the reaction time course was investigated between 80 and 1SO minutes. The plates were then processed as in the routine assay. 2 Time course of antibody-enzyme antigen reaction. 100 !Jol samples of standard material containing 1, 2 or 20 AU/1 were pipetted into the wells of microtitre plates previously coated with antibody and allowed to incubate for 120 minutes. The samples were then aspirated and the plate was washed. Diluted Ab-E solution was added to each well and incubated at room temperature for times varying between 80 and 150 minutes. After this incubation the plate was processed according to the routine assay protocol. 3 Variation of incubation time for colour development. Antigen at concentrations of 10, 100, 500, and 1000 AU /1 was applied to microtitre plates, followed by Ab-E according to the routine assay protocol. Chromogen was then added (100 !Jol/wen) and incubated for times varying between 10 and 80 minutes. 4 Effect of antiserum dilution used to coat plates. Antiserum at dilutions varying from 1/500 to 1/2000 in carbonate/bicarbonate buffer was dispensed into the wells of five microtitre plates and incubated overnight at +4°C. After washing, standards were added to each well previously coated with antibody and processed according to the routine assay schedule. 5 Influence of dilution of antibody enzyme conjugate upon colour development. 237 100 !Jol of standards were added to wens of a microtitre plate previously coated with anti-PAPP-A at a dilution of 1/1200. After incubating, washing, and drying in the normal way, 100 !Jol Ab-E at dilutions ranging from 1/20 to 1/60 was added to each well and incubated for 120 minutes. Further steps were according to the routine protocol.
STANDARDISATION OF ASSAY
The standard pool of pregnancy serum prepared in this laboratory was calibrated against International Reference material 78/610 reconstituted according to the schedule supplied. Dilutions of the reconstituted material were made in PBS/citrate to give a range of standards from 0 to 2·0 IU/1.
Precision studies Within-plate precision was calculated for three QC pools prepared by diluting a third-trimester pool of pregnancy serum in chicken serum. Past experience in this laboratory has shown that chicken serum provides a suitable protein matrix without interfering factors that may be present in human serum.
Precision was calculated for each pool by running 10 duplicates of each pool on one microtitre plate.
Overall precision was estimated for three QC pools over 15 batches of PAPP-A analyses on separate microtitre plates.
Recovery studies Dilutions of the standard pool were made in chicken serum to give concentrations of 9·0,22·5,45, and 90 IU/l. Aliquots of a male serum pool were spiked with the above material and recoveries were estimated. The male pool used showed no evidence of containing PAPP-A.
SENSITIVITY OF ASSAY
The sensitivity was assessed by running 20 duplicates of 0 AU /1 standards (blanks) on one microtitre plate. Sensitivity was defined as that concentration in an undiluted specimen which corresponds to an OD of the zero standard in the standard curve + 2 standard deviations (SD) where:
D=Difference in duplicate blanks
N=Number of duplicates,"
SPECIFICITY OF ANTISERUM
Possible cross-reactions with three other placental proteins were investigated at concentrations that may be present in pregnancy. These proteins were human placental lactogen (10 mUll), human chorionic gonadotrophin (44,000 IU/1), and pregnancy specific B 1 glycoprotein (705 mgjl). No crossreactivity was demonstrated.
Results
Figures 1, 2, and 3 show the effect of increasing contact time of antigen with antibody, antibodyenzyme with antigen, and chromogen with anti-body enzyme, respectively. Over the time course considered, equilibrium was not achieved at any stage of the assay. Adequate assay sensitivity was achieved by allowing contact of antigen with antibody for 120 minutes and antibody-enzyme with antigen for 120 minutes. With these parameters set, a suitable colour development time was found to be 45 minutes, thus allowing the assay to be completed within the working day. Figure 4 shows the effect of varying antibody dilutions used to coat the microtitre plates.The best sensitivity was achieved using an antibody dilution of! /1250. The influence of antibody-enzyme dilutions upon final colour development is shown in Fig. 5 . A 1/20 dilution was found necessary to achieve adequate sensitivity within the time courses previously set. Figure 6 shows the curves obtained for standards prepared from the laboratory serum standard pool and International Reference Preparation 78/610. Parallelism was exhibited from 1 to 20 AU/I, this being the range routinely used for analysis. It is thus valid to assign values to the laboratory standard pool based on IRP 78/610. From these curves, a regression line was plotted-IRP 78/610 has an assigned value of 100 IU/1,10 and based on this value, the undiluted laboratory pool is equivalent to 90 IU11.
The Table shows within-plate and overall precision. Within-batch precision varied between a coefficient of variation of 9 % (mean concentration 13·2 IU/1) and 4·2 % for a mean concentration of 35·8 IU/l.
Overall precision varied between 8· 9 % and 10·8% dependent OIl concentration.
From Fig. 7 it can be seen that recovery varied between 120% and 102%. Over the range 200-1000 AU/1 of undiluted serum, recovery did not vary significantly from 100 %.
The assay sensitivity was shown to be 7·6 IU/1 in an undiluted specimen and 0·076 IU/l per well after 1II 00 dilution of test material. 
Discussion
The assay presented here allows measurement of PAPP-A during the third trimester of pregnancy. It has been suggested that measurement of PAPP-A in pregnancy may allow prediction of those patients likely to develop pregnancy-induced hypertension,"
It has been further suggested that PAPP-A concentrates may be used as an index of placental ageing.P Previously published assays for this protein have been either radioimmunoassays'' 5 or Laurell 'rocket' techniquesr' 12 measurement of PAPP-A by ELISA allows results to be obtained within one working day, which has clinical advantage. Comparison of assay sensitivity is difficult until a universally acceptable reference preparation is available. Thus Sinosich" reported an assay sensitivity of 2·9 [JogJI (of pure protein), Bischof reported 32·5 ngJml, 3 or by Laurell rocket technique 10 U {m!. 4 It is not possible at present to relate our sensitivity in terms of IRP 78{610 to the above findings. The advantage of this assay may lie in possible improvement in sensitivity by prolonging incubation times. The assay may then find application in early pregnancy.
